
REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services. Directorate for Information Operations and Reports (0704-0188). 1215 Jefferson Davis Highway. Suite 1204, Arlington, VA 22202- 
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number   PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.  

1. REPORT DATE (DD-MM-YYYY) 
30-Sep-2009 

2. REPORT TYPE 
REPRINT 

3. DATES COVERED (From • To) 

4. TITLE AND SUBTITLE 
SMALL-EVENT YIELD AND SOURCE CHARACTERIZATION USING 
LOCAL P- AND S-WAVE CODA SOURCE SPECTRA 

5a. CONTRACT NUMBER 
FA8718-07-C-0010 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 
6260IF 

6. AUTHOR(S) 
Kevin Mayeda 

5d. PROJECT NUMBER 
1010 

5e. TASK NUMBER 
SM 

5f. WORK UNIT NUMBER 
Al 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Weston Geophysical Corporation 
181 Bedford St., Suite 1 
Lexington. MA   02420 

8. PERFORMING ORGANIZATION REPORT 
NUMBER 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 
Air Force Research Laboratory 
29 Randolph Road 
Hanscom AFB. MA OI73I-30IO 

10. SPONSOR/MONITOR'S ACRONYM(S) 
AFRL/RVBYE 

11. SPONSOR/MONITORS REPORT 
NUMBER(S) 

AFRL-RV-HA-TR-2009-1072 
12. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for Public Release; Distribution Unlimited. 

13. SUPPLEMENTARY NOTES 
Reprinted from: Proceedings of the 2009 Monitoring Research Review 
23 September 2009, Tucson, AZ, Volume III pp 502 - 505. 

Ground-Based Nuclear Explosion Monitoring Technologies, 21 

14. ABSTRACT 

The monitoring mission requires accurate yield estimation for nuclear explosions. Historically, the focus has been on larger yield events (mb > -4.5) using teleseismic 
body wave magnitudes and applying test-site-specific corrections for yield estimates. The regional coda methodology provides unprecedented stability and avoids test site 
bias because it is based upon absolute source spectra. Increasingly however, there is interest in monitoring smaller events both for yield and source characterization. 
Unfortunately, these events may only be recorded with adequate signal-to-noise ratio at local distances from one statio. The project goals were to extend the well-established 
regional coda methodology to local distances using S and P-wave codas in regions of little to no calibration data and/or regions of high attenuation and lateral complexity. 
Previous studies show that local coda has a unique property of homogenizing its energy over a volume of the Earth's crust such that path corrections for distances less than 
-200 km are not necessary or minimal at worst. The recent 2008 Mw 5.8 Wells. Nevada earthquake was well recorded by the U.S. Array and we show that the local-to-near- 
regional coda is virtually insensitive to the source radiation pattern and directivity effecxts. Furthermore, we demonstrate the coda wavefield becomes homogenized a few 
tens of seconds past the expanding direct-wave front. This past year, we have also calibrated a number of paths in Japan and compare those to our previous years' work. We 
have compared S-wave coda path attenuation curves, envelopes shapes, and peak velocity from a variety of regions to look for similarities and differences that could be 
correlated to the degree of tectonic activity. 

This special feature may make it easier to define an a priori set of coda calibration parameters that can be transported to new, but geophysically similar regions. For 
example, it appears that tectonically similar regions have similar coda path, envelope shape, and peak envelope velocity which will allow us to derive average 'local 
background' models then apply them to other regions for testing and evaluation, including cases to mimic an uncalibrated. single-station deployment. 

15. SUBJECT TERMS 
Seismic coda. Coda parameters. Transportability 

16. SECURITY CLASSIFICATION OF: 

a. REPORT 
UNCLAS 

b. ABSTRACT 
UNCLAS 

c. THIS PAGE 
UNCLAS 

17. LIMITATION 
OF ABSTRACT 

SAR 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 
Robert J. Raistrick 

19b. TELEPHONE NUMBER (include area 
code) 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std 239.18 



a. 
O 
o 

2009 Monitoring Research Review: Ground-Based Nuclear Explosion Monitoring Technologies 

SMALL EVENT YIELD AND SOURCE CHARACTERIZATION USING LOCAL P AND 5-WAVE CODA 
SOURCE SPECTRA 

Kevin M. Mayeda 

Weston Geophysical Corporation 

Sponsored by the Air Force Research Laboratory 

Award No. FA8718-07-C-0010 

ABSTRACT 

The monitoring mission requires accurate yield estimation for nuclear explosions. Historically, the focus has been on 
larger yield events (mh > -4.5) using teleseismic body wave magnitudes and applying test-site-specific corrections 

£_} for yield estimates. The regional coda methodology provides unprecedented stability and avoids test site bias 
because it is based upon absolute source spectra. Increasingly however, there is interest in monitoring smaller events 
both for yield and source characterization. Unfortunately, these events may only be recorded with adequate 
signal-to-noise ratio at local distances from one static The project goals were to extend the well-established regional 
coda methodology to local distances using S and P-wave codas in regions of little to no calibration data and/or 
regions of high attenuation and lateral complexity. Previous studies show that local coda has a unique property of 
homogenizing its energy over a volume of the Earth's crust such that path corrections for distances less than -200 
km are not necessary or minimal at worst. The recent 2008 Mw 5.8 Wells, Nevada earthquake was well recorded by 
the U.S. Array and we show that the local-to-near-regional coda is virtually insensitive to the source radiation 
pattern and directivity effecxts. Furthermore, we demonstrate the coda wavefield becomes homogenized a few tens 
of seconds past the expanding direct-wave front. This past year, we have also calibrated a number of paths in Japan 
and compare those to our previous years' work. We have compared S-wave coda path attenuation curves, envelopes 
shapes, and peak velocity from a variety of regions to look for similarities and differences that could be correlated to 
the degree of tectonic activity. 

This special feature may make it easier to define ana priori set of coda calibration parameters that can be 
transported to new, but geophysically similar regions. For example, it appears that tectonically similar regions have 
similar coda path, envelope shape, and peak envelope velocity which will allow us to derive average 'local 
background' models then apply them to other regions for testing and evaluation, including cases to mimic an un- 
calibrated, single-station deployment. 
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RESEARCH ACCOMPLISHED 

For this year, we have studied the near-regional Lg-coda from the Mw 6.0 Wells, Nevada earthquake of February 21, 
2008, as well as a local Mw 4.2 event from the San Francisco Bay area that exhibited a clear case of source 
directivtiy. The Wells event sequence was unique because the U.S. Array broadband seismic deployment had 
recorded this event along with its aftershocks, thus providing excellent station coverage and redundancy. Figure 1 
below shows that the local to near-regional coda is very stable in comparison to the direct Lg. We have formed 
amplitude ratios, in this case 3.5 Hz, between the mainshock and a selected aftershock. The coda velocity and 
envelope shape functions were found to be virtually identical from station to station, in spite of significant geologic 
variation for paths traveling east versus those to the north and north-west. Though this event did not exhibit strong 
directivity, we still see a radiation pattern in the direct Lg ratios, or perhaps random variation between the two 
sources. However for the coda, we see significantly less variation, confirming that the coda is not sensitive to the 
source mechanism. 
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Figure 1. Left fig HIT above shows source ratios for Lg at 3.5 Hz for 12 stations surrounding the Wells 
mainshock region, roughly 200 km in epicentral distance. We observe large variations even though 
path and site response are removed by forming the source amplitude ratio. In sharp contrast, the 
right figure shows the coda-derived source ratios for the same event pair and frequency. As found in 
other studies, the coda is significantly less variable. 
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Comparison for 20080521416.20080921316 
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Figure 2. Left figure above shows spectral ratios taken between the Wells mainshock and a co-located 
aftershock. Solid lines represent coda ratios at the 12 stations and colored dots are the direct Lg 
source ratios. All stations are roughly 200 km in distance. The figure on the right shows the average 
and standard deviation for both coda and Lg. For the coda, red is the man and blue is the +/- 1 
standard deviation and for Lg, green is the mean and light blue is the +/-1 standard deviation. 

For our second example, we studied an Mw 4.2 event that occurred along the Hayward fault in the San Francisco 
Bay area. This event was very interesting because there were seismic stations equi-distance from the mainshock 
along the strike of the Hayward fault. The mainshock exhibited over a factor of 10 larger amplitude in the 
north-westerly direction (along strike) relative to the south-east direction. The figure below shows that station CVS 
to the northwest has much larger direct wave amplitudes than station MHC to the southeast, however the coda 
envelopes are exactly the same after a few tens of seconds. In addition, an aftershock for the same stations and 
frequency bands does not show any directivity. 
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Figure 3. We show a clear case of source directivity (left column) that results in roughly a factor of 10 larger 
amplitude for the direct waves at station CVS, located to the north of the event and along strike 
relative to station MHC located to the south. However, the coda levels at both stations are identical. 
An aftershock shows no evidence of directivity (right column). 
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We have continued calibrating local and near-regional coda envelopes for a variety of different regions (Figure 4). 
We have used the same procedure outlined in prior applications of the coda methodology from Mayeda et al. (2003). 
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Figure 4. Coda path attenuation for the 2.0-3.011/ band for seven different regions. In general, we find that 

tectonically stable regions (e.g., Korea and New York) exhibit the highest Q whereas active regions 
have much steeper decay (e.g., Iran and Italy). 

In general, we can make some preliminary statements on similarities and differences between all the regions studied 
so far. First, we find that central Italy exhibits the strongest attenuation, followed by Taiwan and western Iran for 
distances ranging between -20 and 300 km. On the other hand, Upstate New York and the Korean Peninsula appear 
to have the lowest attenuation, which is reassuring since both regions are the most tectonically stable. The San 
Francisco Bay Area is somewhere between the two. We are now looking into datasets in Japan and those results will 
be forthcoming. 

CONCLUSIONS AND RECOMMENDATIONS 

In addition to our research of gathering coda envelope shape, path attenuation, and peak envelope velocity 
information from a variety of tectonic regions (see previous reports), we have also begun to document the coda's 
property of insensitivity to both the source radiation pattern and directivity. The examples shown in Figures 1, 2, and 
3 are strong evidence that the coda's averaging properties also applies to the source heterogeneity, not just path 
heterogeneity. We still need to look at coda shape parameters that should also be very region dependent, as 
evidenced by many local coda Q studies in the literature. At this point, we are on track with our proposed statement 
of work and are forging ahead. This still leaves our local P-coda calibration study that will happen in the mid-part of 
2009. In our preliminary research, we have also compared coda attenuation parameters for seven different regions 
for frequencies ranging between 0.5 and 8.0 Hz and are working on a number of sequences in Japan. We will 
continue to document other regions from which to compare and draw final conclusions. We still need to look at coda 
shape parameters that should also be very region dependent, as evidenced by many local coda Q studies in the 
literature. At this point, we are on track with our proposed statement of work and are forging ahead. 
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